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IT IS CLAIMED: 



1. & catalytic organometallic composition, comprising a central metal atom selected from the 
group consisting of molybdenum, tungsten, and chromium, and coordinated thereto, a chiral ligand 
L 1 comprisir 

(i) a chiral component derived from a chiral diamine, diol, or amino alcohol, said component 
having first and Wond chiral centers, each substituted with a group X selected from -O- or -NR-, 
where R is hydrogen or lower alkyl, and, linked to each said group X, 

(ii) a binding group Cy N comprising a heterocyclic group having a ring nitrogen atom effective 
to bind to said centraAmetal atom, wherein said heterocyclic group is optionally substituted with one 
or more groups selected from alkyl, alkenyl, aryl, aralkyl, alkoxy, aryloxy, acyl, acyloxy, amide, 
tertiary amine, nitro, or halogen, and may be fused to one or more additional rings, 

wherein said compleAisrffective to catalyze the enantioselective alkylation of an allyl group 
bearing a leaving group ^titp allelic position. 



2. The composition of cfl 



3. The composition of clailn 1, wnerein 



^herein said metal atom is molybdenum. 

and L ! is coordinated to said metal 



atom. 



4. The composition of clahn/Ti wherein said first and second chiral centers are further 
substituted with groups R^^ntfR 2 , respectively, 

wherein R 1 and R 2 are independently selected from aryl, heteroaryl, aralkyl, carbocycle, or 
heterocycle, and are optionally substituted with one or more groups selected from alkyl, alkenyl, 
aryl, aralkyl, alkoxy, aryloxy, acyl, acyloW, amide, tertiary amine, nitro, or halogen, or 

R 1 and R 2 together form a carbocyclic dr heterocyclic ring, which is optionally substituted with 
one or more groups selected from alkyl, alkenyl, aryl, aralkyl, alkoxy, aryloxy, acyl, acyloxy, 
amide, tertiary amine, nitro, or halogen, and Which may be fused to one or more additional rings. 

5. The composition of claim 4, wherein R 1 V R 2 = phenyl. 

6. The composition of cla£n4, wherein R 1 anA R 2 form a 5- to 7- membered carbocyclic ring 
or a 5- to 7-membered heterocyclic ring having 3 to Qicarbon ring atoms and the remaining ring 
atoms selected from oxygen and nitrogen. 

7. The composition of claun^l, wherein said chiral Centers are connected by a direct bond or 
by a chain of one to three atoms comprising linkages select^ from alkyl, alkyl ether, alkyl amino, 
or a combination thereof. 
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8.\The composition of claifn 7, wherein said chiral centers are connected by a direct bond, and 
said chiral component is thereby derived from a chiral 1,2-diol, -diamine, or -amino alcohol. 



9. Th^ composition of claim 8, wherein said chiral component is derived from a chiral 1,2- 
diamine. 



claim9, 



10. The domposition of claim 9, wherein said chiral 1,2-diamine is selected from lR,2R-fr<my- 
diaminocycloheiane, lR,2R-fnmy-diphenyl-l ,2-ethanediamine, 3R,4R-rra/w-3,4-diamino-N- 
benzylpyrrolidineV lR,2R-rra/w-diaminocycloheptane, 5R,6R-fra/w-5,6-diaminoindan, and the S,S- 
counterpart of any\of the above. 



11. The composition of claim 10, wherein said chiral 1,2-diamine is selected from 1R,2R- 
fra/w-diaminocyclohexane, lR,2R-rnms-diphenyl-l ,2-ethanediamine, lR,2R-trans- 
diaminocycloheptane,Jbd the S,S-counterpart of any of the above. 

12. The coppositidnlSf claim 1, wherein said heterocyclic binding group Cy N is a 5- to 7- 
membered ring Having 1 totatorbon ring atoms, with the remaining ring atoms selected from 
oxygen and nitrogen. 

13. The composition onolaim 12, wh&ein said group Cy N is a heteroaryl group. 

14. The composition oft cBaim 15, wherein said group Cy N is a 2-pyridyl group. 

15. The composition of claim 1, wherein said group Cy N is linked, at a ring carbon atom 
adjacent said ring nitrogen atomAto said group X of said chiral component, via a carbonyl linkage. 

16. The composition of claimuS, wherein said ligand L 1 is selected from N,N'-1R,2R- 
cyclohexanediylbis(2-pyridinecarboxWde), N,N'-lR,2R-l,2-diphenylethanediylbis(2- 
pyridinecarboxamide), N\N"-3R,4R-3L4-diamino-N-benzylpyrrolidinediylbis(2- 
pyridinecarboxamide) , N , N 1 - 1 R,2R-cydioheptanediy lbis(2-py ridinecarboxamide) , N , N ' -5R, 6R- 
indandiylbis(2-pyridinecarboxamide, N,N'-lR,2R-cycIohexanediylbis(2-(6- 
methyOpyridinecarboxamide), N,N lR,2R-cyclohexanediylbis(2-(4-nitro)pyridinecarboxamide), 
N,N , -lR,2R-cyclohexanediylbis(2-(4-methd^y)pyridinecarboxamide), and the S,S- counterpart of 
any of the above. 

17. A catalytic organometallic composition, wherein the composition is the product of a 
process which comprises 

contacting, in a suitable solvent, a chiraWigand L 1 comprising: 
(i) a chiral component derived from a'chiral diamine, diol, or amino alcohol, said component 
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having first and second chiral centers, each substituted with a group X selected from -O- or -NR-, 
where R is hydrogen or lower alkyl, and, linked to each said group X, 

(ii) a binding group Cy N comprising a heterocyclic group/fiaving a ring nitrogen atom effective 
to bind to said central metal atom, wherein said heterocyclic group is optionally substituted with one 
or more groups selected from alkyl, alkenyl, aryl, araHcyl, alkoxy, aryloxy, acyl, acyloxy, amide, 
tertiary amine, nitro, or halogen, and may be faspd to one or more additional rings, 

with a hexacoordinate complex of a met^selected from tungsten (0), chromium (0), and 
molybdenum(O), 

whereby said complex undergoes^ ligand exchange reaction, such that L 1 becomes coordinated 
to said metal atom; 

wherein said compositions effective to catalyze the enantioselective alkylation of an allyl 
group bearing a leaving s&up at its allylic position. 




$L The composition of , 



^herein in said process said metal is molybdenum (0). 

^ ^f. The composition of^^^J^ wherein in said process said hexacoordinate complex 
comprises ligands selected from the group consisting of CO, cycloheptatriene, lower alkyl nitrile, 
and lower alkyl isonitrile. 

composition of cl^im wherein said first and second chiral centers are further 
substituted with groups R 1 and R 2 , respectively, 

wherein R 1 and R 2 are independently selected from aryl, heteroaryl, aralkyl, carbocycle, or 
heterocycle, and are optionally substituted with one or more groups selected from alkyl, alkenyl, 
aryl, aralkyl, alkoxy, aryloxy, acyl, acyloxy, amide, tertiary amine, nitro, or halogen, or 

R 1 and R 2 together form a carbocyclic or heterocyclic ring, which is optionally substituted with 
one or more groups selected from alkyl, alkenyl, aryl, aralkyl, alkoxy, aryloxy, acyl, acyloxy, 
amide, tertiary amine, nitro, or halogen, and which may be fused to one or more additional rings. 

The composition of claim^O, wherein said chiral centers are connected by a direct bond, 
and said chiral component is thereby derived from a chiral 1,2-diol, -diamine, or -amino alcohol. 

22. The com^ition of z\ti^i\l y wherein said heterocyclic binding group Cy N is a 5- to 7- 
embered ring ^mgj/^o 6 carbon ring atoms, with the remaining ring atoms selected from oxygen 
and nitroger 



-23. 



The compositio\of claim 22, wherein said group Cy N is a heteroaryl group. 



24. A method of selective a 
position, said method comprising 




of an allyl group bearing a leaving group at the allylic 
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reacting said allyl group with an alkylating agent in the presence of a catalytic amount of an 
alkylating catalyst, wherein said catalyst is an octahedral complex having a central metal atom 
selected from the group consisting of molybdenum, tungsten, and chromium, and coordinated 
thereto, a chiVal ligand L 1 , said ligand comprising 
5 (i) a chiral component derived from a chiral diamine, diol, or amino alcohol, said component 

having first and second chiral centers, each substituted with a group X selected from -O- or -NR-, 
where R is hydrtogen or lower alkyl, and, linked to each said group X, 

(ii) a binding group Cy N comprising a heterocyclic group having a ring nitrogen atom effective 
to bind to said central metal atom, wherein said heterocyclic group is optionally substituted with one 
10 or more groups selected from alkyl, alkenyl, aryl, aralkyl, alkoxy, aryloxy, acyl, acyloxy, amide, 
tertiary amine, nitroAor halogen, and may be fused to one or more additional rings, 

under conditions Effective to produce an alkylated product which is enriched in one of the 
possible isomeric products of such alkylation. 

15 25. The method of claim 24, wherein said alkylation is enantioselective, and produces an 

alkylated product having dxi enantiomeric excess greater than 75 % . 

26. The method of claW"24, wherein said allyl group is nonsymmetrically substituted at its 
termini, and said alkylating & regicraelective, such that said allyl group is alkylated at its more 

20 sterically hindered terminus. 

27. The method of c iun 16, wrfbrein the regjerfelectivity of said alkylation, defined as the 

ratio of product alkylated at the riaorer stbri£allj*^undered terminus of said allyl group to product 

alkylated at the less stericallVljiiisJi^red terminus of said allyl group, is greater than 3:1. 
25 / 

28. The method of claim 24, wiierein said metal atom is molybdenum. 

29. The method of claim 24, wherein said chiral component is derived from a chiral 1,2- 
diamine. 

30 

30. The method of^laim 24, whereYn said heterocyclic binding group Cy N is a 5- to 7- 
membered ring having 1 to 6 carbon ring a\oms, with the remaining ring atoms selected from 
oxygen and nitrogen. 

35 31. The method of claim 30, wherein saia group Cy N is a heteroaryl group. 

32. The method of c^aim 31, wherein said group Cy N is a 2-pyridyl group. 

33. The method of claiirf / 24, wherein said grdup Cy N is linked, at a ring carbon atom adjacent 
40 said ring nitrogen atom, to said group X of said chirkl component, via a carbonyl linkage. 
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34. The method of clairifS^, wherein said ligand V is selected from N,N'-1R,2R- 
cyclohexanediy\bis(2-py ridinecarboxamide), N,N ' - 1 R,2R- 1 ,2-dipheny lethanediylbis(2- 
pyridinecarboxAide), N',N"-3R,4R-3,4-diamino-N-benzylpyrroIidinediylbis(2- 
pyridinecarboxairiide), N,N , -lR,2R-cycIoheptanediyIbis(2-pyridinecarboxamide), N,N'-5R,6R- 
indandiyIbis(2-pyritiinecarboxamide), N,N'-lR,2R-cycIohexanediyIbis(2-(6- 
methyOpyridinecarbbxamide), N,N'-lR,2R-cyclohexanediylbis(2-(4-nitro)pyridinecarboxamide), 
N,N'-lR,2R-cyclohe^anediylbis(2^4-methoxy)pyridinecarboxamide), and the S,S- counterpart of 
any of the above. 

35. The method onclaim 24, wherein neither terminus of said allyl group is aryl substituted. 

36. The method of c^im 35, wherein at least one terminus of said allyl group is substituted 
with an alkyl group. 

37. The method of claim 35, wherein at least one terminus of said allyl group is substituted 
with a non-aromatic conjugatedp&lyene or enyne. 



38. The method of caai 



herein the allyl group has identical non-hydrogen substituents at 



its termini, with the exce 
respect to the new chiral 



rtion ofteaidUeaving group, ahd said alkylation is enantioselective with 
center foWfcU by said allegation. 



39. The method of claim 24 ^h^emffie alkylating agent is a stabilized carbanion. 

vv\> 

40. The method of claurr39, wherein the alkylating agent is of the form EE RC" M + , where E 
and E f are electron-withdrawing substituents, and M + is a positively charged counterion. 

41. The method of claifrwK), wheije E and E* are independently selected from the group 
consisting of keto and carboxylic ester. 

42. The method of claim24, whereiA said catalyst is formed in situ by ligand exchange of a 
soluble hexacoordinate molybdenum(O) complex with ligand L 1 . 

y \ 

43. The method of claim 42, wherein said ligands are selected from the group consisting of 
CO, cycloheptatriene, lower alkyl nitrile, and lower alkyl isonitrile. 



44. The method of claim 24, wherein the rijole percent of said catalyst with respect to said 
substrate is from about 0.5% to about 15%. 



45. The method of claim 44, wherein said mcUe percent is from about 1 % to about 10%. 

46. A method of selective alkylation of an allyl group bearing a leaving group at the ally lie 



* 
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position, \said method comprising 

reacting said substrate with an alkylating agent in the presence of a catalytic composition 
formed by\contacting, in a suitable solvent, catalytic amounts of (i) a hexacoordinate complex of a 
metal selected from the group consisting of molybdenum (0), tungsten (0), and chromium (0) and 
(ii) a chiral lrfeand L 1 , said ligand comprising 

(i) a chira\ component derived from a chiral diamine, diol, or amino alcohol, said component 
having first andWcond chiral centers, each substituted with a group X selected from -O- or -NR-, 
where R is hydrogen or lower alkyl, and, linked to each said group X, 

(ii) a binding group Cy N comprising a heterocyclic group having a ring nitrogen atom effective 
to bind to said centrW metal atom, wherein said heterocyclic group is optionally substituted with one 
or more groups selected from alkyl, alkenyl, aryl, aralkyl, alkoxy, aryloxy, acyl, acyloxy, amide, 
tertiary amine, nitro, dr halogen, and may be fused to one or more additional rings, 

under conditioi^SSfective to produce an alkylated product which is enriched in one of the 
possible isomeric p/oduck W such alkylation. 



47. The metl 



of cli 



48. The meth&d of chi 



^46, whereip said alkylation is enantioselective. 
47, wherein said alkylation produces an alkylated product having an 



enantiomeric excess greateytlkn 85 % . 



49. The method of claim 46, wherein said metal atom is molybdenum. 

50. The method of claim 4 A wherein said hexacoordinate complex comprises ligands which 
are effective to form a stable complex with said metal atom and which are displacable by ligand L ! 
under the conditions of said ligand oxchanee. 

51 . The method of claim 50, wllerein said ligands are selected from the group consisting of 
CO, cycloheptatriene, lower alkyl nitri\e, and lower alkyl isonitrile. 

/ 

52. The method of claim 46, wherein the mole percent of said catalytic composition with 
respect to said substrate is from about 0.5% to about 15%. 




